558 % 43 + o W) Vol. 58, No.3
2021 4£ 5 A ACTA PEDOLOGICA SINICA May, 2021

DOI: 10.11766/trxb201912220511
AR, TR, £, MEE, W BS-12 SR FREYER LA WX R W (], A, 2021, 58 (3): 712-721.
ZHANG Mengfei, MENG Zhaofu, REN Shuang, BU Shuaibin, WANG Teng. Adsorption of Phenol on BS-12-Modified Different Magnetic

Clay Minerals[J]. Acta Pedologica Sinica, 2021, 58 (3): 712-721.

BS-12 B AR R AR 7 X A ER A IR B
i

ig %
(1. PEHLACHRHI K P FE IR b

g0 &L, oM %, £ B
'—%‘»

. BepiRE 7121005 2. Rl EVUAL Y E SR SR ISR G S, pRIiE 712100)

W OE: IepivErkfl e a (MST), #HEA (MZT) MMM #a (MAT ), %ﬁUBﬁrﬁ"%ﬁ{%@ ke
%:Eﬁ%ﬁﬁ%ﬂﬁc (BS-12) X H#ATHME, LA X STEATHT (XRD ) XA R A RE AT RAR ST, 38 HEAL I LB [F]
WEVERE W% BS-12 UM AR (W BHRAE, RIS 4R . pH MBS Fim XS BS-12 ﬂ‘ﬁﬁﬁ‘ﬁ?ﬁiﬂ%“&%ﬁi%ﬁ%f
Wi, ZEARIRNT, =R RS0 R R AR X AR i R B RE 774371 22 NAT>NST>NZT . MAT>MST>MZT [ A/, w4k
Xof [T B A (R A R U R RE 15 M B K, 31X FesOg FEMIM AT 1 A 36 R AT 6. 4 BS-12 Btk I . —Fhleikre et + 9
PR 3 1 W B S A B S LU B R TS B — ks =R REERS Y, BS-12 ﬂzrémzm BRI 1 T 0 B
NI Z , X5 BS-12 TEREVERFIE A PSR EGS A G IREEFIEMARILG pH BT & AT BS-12 SUHERE HAE XS A 1
Bt E o BE A BE Tt BS-12 SOt RE AR IR BRI A R R0 F o BS-12 BCMERETE R a7 M %t 2193 1 W B LA g K 3 e A
HhE, WHHEE BT AR SR, R R YR, BS-12 BOMEREYE M A HURR S R, X A
FeE T i, HORRHTSZIRRE . pH e 58 B A2 i/

R Bt BS-12 sihk; mifk; ZEE; WRRHY

hESES: X53 MHERFRERAD: A

Adsorption of Phenol on BS-12-Modified Different Magnetic Clay Minerals

ZHANG Mengfei', MENG Zhaofu" *', REN Shuang', BU Shuaibin', WANG Teng'

(1. College of Natural Resources and Environment, Northwest A F University, Yangling, Shaanxi 712100, China; 2. Key Laboratory of Plant
Nutrition and Agro-environment in Northwest China, Ministry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract:  Objective Phenol is a common organic pollutant that comes along with wastewater discharged from chemical
industries. Clay minerals are abundant in reserve and high in adsorptivity, and hence have good prospects in application as
adsorbents. The technology of magnetization and amphoteric modification can keep clay minerals capable of adsorbing organic
and heavy metal pollutants and separating solid from liquid as well, which is conducive to material recycling. However, so far
little has been reported about researches on comparison between different types of magnetized and modified clay minerals in
adsorption of phenols and its mechanism, which though has certain practical significance for the application of amphoteric

modified magnetic clay minerals to treatment of organic wastewater pollution. Method Magnetic sepiolite (MST), magnetic
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zeolite (MZT) and magnetic attapulgite (MAT) were prepared using the co-precipitation method, and then modified separately
with the amphoteric surfactant dodecyl dimethyl betaine (BS-12). X-ray diffraction (XRD) was performed to characterize these
adsorption materials, and then batch method was adopted to compare the three BS-12 modified magnetic clay minerals in phenol
adsorption characteristics, while effects of temperature, pH, ionic strength and modification degree on the clay minerals adsorbing
phenol were also investigated.  Result Results show that in terms of phenol adsorption capacity of the three natural clay
minerals and the three magnetized clay minerals exhibited an order of NAT > NST > NZT, and MAT > MST > MZT, respectively,
and magnetization had the highest effect on the phenol adsorption capacity of attapulgite, which is highly related to the high
Fe;04 coverage on attapulgite. Once modified with BS-12, the three modified magnetic clay minerals increased in phenol
adsorption capacity with increasing modification degree, showing a consistent trend; Among the three magnetic clay minerals,
magnetic sepiolite increased the most phenol adsorption capacity in response to the BS-12 modification, which is related to its
higher BS-12 modification rate. The increase in temperature or pH was not conducive to phenol adsorption on the
BS-12-modified magnetic clay minerals, but the increase in ionic strength did have some positive effect. = Conclusion Phenol
adsorption on BS-12-modified magnetic clay minerals is dominated by hydrophobic partitioning, and phenol adsorption capacity

of the minerals depends on organic carbon content. Among the three BS-12 modified magnetic clay minerals, BS-12 modified

magnetic attapulgite has the highest phenol adsorption capacity as it has the highest organic carbon content, and it capacity is

rarely affected by temperature, pH and ionic strength.

Key words: Clay minerals; BS-12 modification; Magnetization; Phenol; Adsorption
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Table 1 Basic physical and chemical properties of the clay minerals tested
PR FHES ¥ 3¢ CEC BA LR TOC LR M SSA F-HfL1% PS
Sample / (mmolkg™") / (gkg") / (m*g™) /nm
NST 154.0 1.05 3.15 45.14
NZT 66.7 1.07 2.16 44.76
NAT 978.5 1.94 8.87 39.74
MST 72.1 1.38 28.10 27.22
MZT 62.3 1.01 26.39 21.28
MAT 327.4 2.27 67.78 16.45
50BS-MST 25.1 13.30 24.65 29.17
50BS-MZT 49.3 9.66 27.80 22.57
50BS-MAT 250.0 29.90 56.33 18.20
100BS-MST 18.3 30.64 13.01 24.57
100BS-MZT 49.5 15.10 30.80 23.19
100BS-MAT 232.0 76.90 49.19 20.07
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Fig. 1 XRD spectra of the samples tested
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Fig. 2 Phenol adsorption isotherms of the test samples (25 °C )
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Table 2  Fitting of phenol adsorption on the samples with the Henry model (25 ‘C)

P e ST WA ZT MR AT
Sample R K R K R K
N-CK 0.9336%* 6.78 0.8985%** 5.07 0.9697** 18.53
M-CK 0.9341%** 4.62 0.9551%** 4.39 0.9493** 11.43

50BS-M-CK 0.9676%* 9.71 0.9316** 7.03 0.9691** 17.92
100BS-M-CK 0.9769** 12.70 0.9670%** 10.76 0.9784** 22.35
. o FRORE P=0.01 R EMI, TH., Note: ** indicates significant correlation at P=0.01. The same below.
*3 HEARKSZWELMEREIHEXE
Table 3 Correlation analysis of K and basic physical and chemical properties
TH Item MR R K FHES 7 2c it CEC B BBk TOC HAR T SSA
SRR K 1
PR T 5c ekt CEC 0.465 1
HAHLEK TOC 0.925%* 0.978%* 1
FAR IR SSA 0.374 0.975%* 0.104 1
FEIfLAE PS -0.396 -0.833 -0.134 —0.826*
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Fig. 3 Effect of temperature, pH or ionic strength on phenol adsorption on the test samples
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VA A R A B 22 FLAE S A A K AL B )
7 A G R B A5 A T i RS AR AR A
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JRRE, JREFET, XRD EiE SR, M T fm
Wb, MR BRI S AL AL 52 B AL S R

HHEFAERIN Fes04 X T8 H0 W0 f i mf B AT
RO, T EES Yy 2 T 1 S BB A
T FEs 53— 5, FesOy URLR I IE HL( pH =74 ),
5B FARE CHsO R T, (IR 2R
HLEFE IR ( pK,=9.96 ), HrHL W BAE 55, FesO4
SR X 2 oy 11 % e W B FH AT s 55120, BT
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FEAR, T30 BS-12 St MR PERE 0 WA Bl & it
B, R g K ER R, SRR LT L
B K 0 O AR FF A8 50, O A e 25 13 %) 8% BT LA i85 7K 40 e
YERR 3, TRE elobE e B R3S K, 43 ECAE F ) 28
W BREARR AR T 0, 5 R A AR R R A — B A,
ALK i TOC 5 AR BPERGTERS -8 P ) CEC 2
W EAE (R 3), BIZEAHE M LG, —Fp
M Y, CEC KA & f G M M e
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Ji, AR, WAk, FIRZEARRW, A
AR EE L0 a5 R T RAE AR, (B CEC
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EHE

T4 AEHEERHITYEN Fa,0, 2 EBEE

Table 4 Fe;04 content coverage on the magnetic clay minerals
relative to type

PR i Fe;0, 7 & G
Sample (Fu—Fx) /(mgg') M/ (mgm?)
MST 145.89 46.31
MZT 80.46 37.25
MAT 473.07 57.33

AW, BS-12 SR A F R
B W B BE S A BRI REE AR, X5 AR [ o e 5]
T, BS-12 XA R fE P B W S E AN AT G

H 2% 5 BS-12 SR a5 R n] UL, AR R elobE Lu o)
WG BS-12 Bt &, mEPE M A TR
2z, Wb ARG, X5 BS-12 MtEE CEC By R
FREEA—S0 (WEYEIRIEAT T 1% 75%, #EPEMMN AT
e 29%, mEMERRA FIE 21%), UiMIREPERS 8 1
) B L B S L BS-12 BePE RIS 2%, 5
HIA BS-12 XFREPERS 0 Pt e e HLRIARST . =
FRagtERE Lo rh, REME ™YY CEC K, et
IRy, E0BS-12 FRLERCHE A 7S Al B AR AP,
1M XRD S3HraG A nl 1, W g vt A ot 32 A i 1Y)
Ji PRI A fig 5 /D A TR B2 SO EIL I A G .
BS-12 7EREM A Ao RR B A s, BS-12 elet
X LI S A T B 7 A 1 T AR A

B pH FbEr, KBy R R, B
TARE CHsOH 2, 576042 mi il o7 1) i
HLR 3R, SULEIEE, #4079, w0
F1 BS-12 Sl R 26 - 2% 1 v A% LA S 15
HE— LG5 1 b W) T AR I 1 IA) B L R
77, NI BOHE R 8 P 0 2R 1 % W B R
B RWACT, SR 0 LA PR T
P pH B AL XTI B 52w, ASBRGEIRIRE 7R pH
X BS-12 BCPE R 8 A5 2 86 R 1 1 5 e A Ak
FESAA FTIRES , MTE =Fh BS-12 sebEmmivegs 0
Y, DL BS-12 SSCPE g U1 ™ Ay W B R B ) 32 pH
)53 M B /N o

R5 BS-12 EARRREMEF LA L RIBUIEE

Table 5 BS-12 modification rate of the magnetic clay minerals relative to type

- \ BS-12 Mtk %
HEIRFE BS-12 N
C Jii 5350/ %

Sample Wes/g 1%
100BS-MST 3.064 3914 6591
100BS-MZT 1.510 2.820 35.89
100BS-MAT 7.690 5.990 39.22

B O 15 ) SR [ TR R T I A Y 5
Wi, RPRAVE RS9 HUM ST, 7ESRHLAR BT NaCl VR FE 3
B, ERHTRON of 15 A v A AR ), DT o T
IR TE A A i E AR BRE, W B BT N . (H
I 7910 2% 1T A 14 3 i 2 5 SR AT VR A sk s 20
HRCTTT B3 5 BE 00 BS-12 2C PG 5 L0 40 W 5P 1
(5% M B G AL AR A T/, AR TOC & i i

BS-12 SC b 1 1Mo A A W S I 5 52 1 B 119

S ALE
4 Z5 &

0 WG AL 5 AR R A BT R R, (B4
BS-12 i, AREWe I EE T WY, HO R
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